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SUMMARY 



Results are given for drag tests of 4/9-scale model 
radial air-cooled engine nacelles made as a pa,rt of a ,:^en- 
eral investigation of wing-nacelle-propeller interference. 
A small nacelle of the type commonly used with exposed en- 
gine cylinders was tested with various forms of cowling 
over the cylinders. The effects of cowling-ring position 
and of angle of ring chord to the thrust line were inves- 
tic;ated» An IT.AcC.A. cowled nacelle and a smooth "body 
v/ere PuIso tested^ 

The results are given at 50, 75, and 100 miles per 
hour for -5^, 0°, 5^/ 10^, and 15° angle of pitch. 



INTRODUCTION 



Models of two air-cooled engine nacelles with various 
cowlings have "been tested in the pr opollor-r o ser-rch tunnel 
of the National Advisory Committee for Aeronautics as a 
part of a general investigation of wing-nacelle-propeller 
interference. Although the addition of nacelles to an 
airplane generally introduces interference problems, it is 
considered advisable to give the results of^the^drag tests 
of the nacelles alone without interference in this report 
as a contribution to general information on aerodynamic 
resistance. It should he "borne in mind that these results 
wore obtained with the propeller removed. The reader is 
referred to the reports on the general program (reference 
1 and others to he published in the near future) for the 
practical application of nacelles to airplanes. (See also 
references 2, 3, and 4.) The resalts of drag tests on a 
number of small model nacelles rie already available* The 
close check of two of the 4/9-scr.le comhinations tested 
with full-scale results gives assurance that the values 
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olitaiiied for the other com'binat i ons , especially with the 
ring cowlings, should "be close to those for the full-scale 
condition. This check is attributed to the large scale 
(4/9) of the present models and the fairly accurate repro- 
duction of engine details. 

Two nacelles were used. The first was similar to the 
conventional types which have exposed cylinders; the second 
was a larger one which, when used with a hood, constituted 
an K.A.C.A, cowled nacelle. Both nacelles were 4/9-scale 
models of '^Tright J-5 engine nacelles reported in reference 
3, and were tested with various types of cowling over the 
engine, which was reproduced in considerahle detail. A 
smooth "body (without engine cylinders) was also tested. 
Test results are given in pounds drag of the models at sev- 
eral air speeds up to 100 miles per hour. 

APPARATUS AND METKODS 



A description of the 20-foot propeller-research tunnel 
and methods of testing may "be found in reference 5. The 
nacelles were supported by ttihes attached to the regular 
airfoil supports. (See fig, 1.) To these tubes were at- 
tached short prms bolted to the end of the vertical sup- 
ports. Suitcable holes in the arms permitted the angle of 
pitch to be adjusted to the desired values. T7ith this ar- 
rangement it Y^as not necessary to use a sting and there- 
fore the tare drag was reduced. In making the tare-drag 
tests the nacelles were supported by wires free of the 
tube s . 

Figure 2 sh-)ws the nacelles used and gives their prin- 
cipal dimensions. The larger nacelle had a maximum diameter 
approximately equnl to that of the engine. This nacelle 
was tested both with the hood (ring) in place and with it 
removed, the former arrangement constituting an II.A.C.A, 
cowled nacelle. The convent i onaji nacelle (hereafter called 
small nacelle) had a small diameter back of the cylinders 
and a little over half the fin area of the^ cylinders ex- 
posed. This nacelle was tested with thQ cylinders exposed 
and with the hood as previously used on the iT..A.C.A. cowled 
nacelle as well as with various forms of ring cowling3| A 
smooth body without engine cylinders was also tested as it 
had been used in the general program. 
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The various ring covrlings are shown in Figure 3 and 
are of two t;^"pes. The first includes three wide, thin, 
fixed-anf^le rings designated lios« 1, 2, and 3. The angles 
h.etween the ring chords and the thrust lines are 0^, -3^, 
and -6.3°, re sp e ct i vel v . These rings were all of approxi- 
mately "9-.inch chord and the maximum thi ckne s s /chord ratio 
was approximately 0.05 for ring ITo . 1 and 0.07 for rings 
"Jos. 2 and 3. All three of the rings were tested in the 
same two fore-and-aft positions on the engine and the 
-6o3° ring was also tested in a more forward position. 
(See fig. 4 for ring positions.) Tests of these three 
fixed-angle rings agreed with flight tests (reference 4) 
in that the angle of chord to thrust line had a marked ef- 
fect on the results obtained. The variahle-angle ring as 
shown in Figure 3 was then constructed. This polygonal 
ring of nine sides had a 6-inch chord and a maximum thick- 
noss/chord ratio of approximately 0.10. The chord angle 
could be adjusted from 0° to -15°. The design of this ring 
was based on a study of the tests of reference 6. 

The two positions in which the variable-angle ring 
was tested are given in Figure 4.^ In the^rear ;gosition it 
was tested with the chord set 0,-5,-8, -10 , and -15 
to the thrust line. The -8° setting was found to be the 
best and this angle only was used in the tests in the for- 
ward position. 

All the combinations except one were tested at -5°, 0^ , 
5°, 10^, and 15° angle of pitch. Figure 1 shows most of 
these combinations as mounted for tests. Readings were 
taien from which the dynamic pressure and drag could be ob- 
tained. Tare-drag tests at the above angles of pitch pro- 
vided suitable data for computing the net drag. 



RESULTS 



The net drags of all the combinations tested are given 
in Tables I, II, . and III at 50, 75, and ICO miles per hour 
for -5°, 0°, 5°, 10°, and 15° angle of pitch. The results 
for 100 miles per hour are plotted in Figures 5 to 9, in- 
clusive. Figures 7 and 9 show the effect on drag of the 
angle of the cowling-ring chord, to the thrust line. Fi^nire 
10 .gives the net drag, in pounds, of full-size TTright J-5 
engine nacelles obtained by scaaing up these model results. 
The relative drag of the different nacelle s and engine 
cowlings at the three different air speeds is practically 



4 



il.A.C.A, Technical Hote ilo. 432 



the same;, since the percentage accuracy i-s the greatest at 
lOG miles per- hour, the discussion foil owing ' has "been tak- 
en fro.m the. re suits at this speed onlyo 

The results that are given have "bee'n taken from faired 
curves and are- "believed to be 'accurate- to within iOoS 
pound as the average deviation of the- test pa-ints from: the 
faired curves did not exceed this amount. 



DISCUSSION 
Effect of Sody Shape -and IT.A.G.A. Hood 

Tahle I and Figure 5 give the results for the nacelles 
exclusive of the ring cowlings tested on the small nacelle. 
The following savings in drag were obtained at 0 angle of 
pitch: increasing the diameter hack of the engine cylin- 
ders reduced the drag 25 per cent when the cylinders were 
exposed and 57 per cent when a hood was used; using a hood 
reduced the drag 39 per cent on the* small nacelle and G5 
per cent on the large one; increasing the diameter and us- 
ing a hood ("I^A^CeA. cowled nacelle) reduced the drag 74 
per cent. TJith the following two exceptions, these savings 
were practically independent of angle of pitch up to and 
incltiding 15^. When the hood was employed, enlarging the 
diameter decreased the drag 43 per cent at 15 angle of 
pitch as against 57 per cent at 0 . Likewise, if hoth the 
dictmeter was increased and the hood was employed (N.A.G.A. 
cowled nacelle) , the drag relative to that of the small 
nacelle with exposed cylinders was^reduced only 62 per cent 
at 15^^ as against 74 .per cent at 0 . These results also 
show that using the hood is more effective in reducing the 
drag than increasing the diameter behind the cylinders and 
that increasing the diameter behind the cylinders is more 
effective when a hood is employed than when the cylinders 
are exposed. These results' are in agreement with the fiill- 
scale tests of references 2 and 3o 

0 

The drag of the smooth body was 8.6 pounds at C pitch. 
This value seems rather excessive as it is practically the 
same as the drag of a sphere whose diameter is equal to 
the maximum diameter of the body^ An examination of ^Tigure 
2 reveals the fact that although this body is by no means 
an ideally streamline shape, one would hardly expect it to 
have as high a drag as that measured. 
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EfiectofHings 

Tliere is a popular "belief that alniosf any I:ind of a 
ring cowling will reduce the drag .of a radial engine. T'oe 
fallacy of this telief for the condition without a ^-opol- 
lor is shown by the resu.lts ootained with rings l;os, 1 p.:.id 
2 and with the variable-angle ring set 0 . At 0*^ an-^le of 
pitch these rings increased the drag over that with the 
cylinders exposed.' Hing No. 3 in the best location reduced 
the drag 7.5 pounds or 25 per cent. The effect of the 
fore-and-aft position of the rings is shown in figure 6 
and it will be observed that moving the ring forward in- 
creased the drag with rings Nos, 1 and 2, and reduced the 
drag with ring No. 3, Figure 7, in which the values of 
drag are replotted to show the effect of ring-chord a2i,.le 
to the thrust line for the three rings in position No. 3, 
shows that further reduction could be expected if the rin.^- 
chord angle were increased. These results, vrhich.are also 
given in Table II, indicate that the fore-and-aft location 
of the ring affects, the drag to a slight extent but that 
the angle of. the ring chord to the thrust line is a more 
decisive factor in drag reduction. 

The results with the variable-angle ring will be found 
in Table III and Figures 8 and 9. In the roar position the 
optimum angle of chord increased with the angle of pitch 
as shown in Figure 9. The -8° chord angle wr..s selected 
and run in the forward position where the drag ^vas found to 
be slightly lower than in the rear one« (See Table III 
and fig. 8.) With this optimum angle and position the 
drag was reduced 38 per cent over that with' the cylinders 
exposed. None of the other angles were tried in the for- 
ward position. 

Comparison of Hings and N.A.C.A. Hood 



The following comparison is Lir.de between the rings 
and the N.A.C.A. hood which was tested on the s.aall nacelle 
as a matter of interest.. With the hood, and the rings in 
position No. 1, the leading edge of the cylinder cowling 
was 5-3/4 inches ahead of the center line of the cylinder 
(See figs. 2 and 4.) This was the maximum forward location 
that could be used and ha.ve clearance for the propeller aj 
high pitch settings. With the variable-angle ring set --8 
in position No. 1 the drag was 18,7 pounds at angle of 
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pitch, which is only 0.2 pound higher than'with the hood; 
therefore, there is little choice oetween the two for 
cruising or high speed. Eov/evcr, the drag increased more 
rapidly with the ring than with the hood as the angle of 
pitch was increased until at 15^ it was almost 1^ times 
that with the hood. Hence the hood appeared to te the bet- 
ter cowling for gener al-purp"6 se use. Sul^sequent tests of 
wing-nacelle combinations have verified this "both with the 
propeller operating and with if removed, (Reference 1.) 

Since tests with the small nacelle showed that the 
N.A.C.A. hood was superior to all of the rings tested, 
the rings were not- tested on the large nacelle. 



iSffect of -Angle of Pitch 



All the comhinations show the usual increase in drag 
^ith angle of pitch. A systematic analysis reveals the 
interesting fact that the lower the drag of the combination 
at 0^ pitch the higher is the percentage increase in drag 
as the angle of pitch is increased. The combination which 
had the lowest drag at 0 pitch had, however, the lowest 
drag throughout the entire pitch range. 



Agreement with Full-Scale Tests 

The full-scale drags at angle of pitch of all the 
cci)mbinati ons tested as obtained by scaling up these model 
tests are given in Figure 10. Results of some previous 
full-scale wind-tunnel drag tests on J-5 engine nacelles 
are given in reference 3. The following table giving the 
drag (in pounds) at 100 miles per hour shows a close^ agree- 
ment between the 4/9-scale model tests reported herein and 
those full-scale tests, 

Full-sccole Model drag 

pounds pounds 

Small nacelle - exposed 
cyl inder s 

II.A.C.A. nacelle 



155 
43 



153 
40 
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Otiier Consider at ions 

In the general " TJr ogr am of v;in:;^-nacelle-pr opeller- '"inT- 
terference, propeller tests, especially with taiidem pro- 
pellers, have shown that the propulsive efficiency is af- 
fected "by the"an:«?:l^ of the ring chord to the' thrust line. 
This effect is presumahly caused "by the fact that the 
slipstream of the propeller changes' the • di r e c t i on of air 
flow over the ring and consequently the drag^ It has been 
found that the cowling that gives the lowest* drag without 
the propeller is not always the "best combination when used 
with a propeller a This is a partial explanation of why. 
some cowlings have been known to increase the drag with 
the propeller removed in tunnel tests* but have shown in- 
crea^ses in speed when tested in free flight. At least it 
is evident that a nacelle cowling should not be selected 
entirely from a consideration of drag and that it is nec- 
essary to consider the' complete power unit including na- 
celle and propeller^ 

Lan'gley Memorial Aeronautical Laboratory, 

iTational Advisory Committee for Aeronautics, 
Langley Field, Va, , September 22, 1952. 
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TABLE I. ITet Drag of Various llacelles 
(Values in pounds) 



Angle 


~f 

1 

' 1 


Small 


Small 


L p.r g e 


Large 


of 


, Smooth 


nacelle 


nacelle 


nacell e 


nacell e 


pi t ch 


i tody i 


with 


with 


wi th 


with 




1 1 


expo sed 


N.A.CA. 


e xp 0 s e d 


II.A.C.A. 


degrees 


i i 

i 


cylinders 


hood 


cyl inder s 


hood 








> - — 1 


[, . 





0 


= 6.4 11) . / sq.f t . , 50 


m,p .h. 




-5 


1.9 


8.6 


4.6 




3.8 


0 


2.2 


7,8 


4.6 


6.0 


2.2 


5 


2.2 


0.5 


5.5 


6.0 


2.5 


10 


2.6 


9.0 


6.1 


7.0 


3.1 


15 


3.0 


9.6 

L _. 1 


6.4 

1 




4.0 





q 


= 14.4 lb. /sq.f t. , 


75 


m.p ,h. 






4.2 


18.7 


10.3 






4.9 


0 


4.9 


17.1 


10.4 




13.5 


4.6 


5 


4.9 


17.7 


10.9 




13.3 


5.3 


10 


5.8 


18.9 


12.0 




15.1 


6.0 


15 


8.0 


19.9 


13,1 






7.6 




q 


= 25.6 lb. /sq.ft. , 


100 m.p.h. 




-5 


7.3 


33.2 


19.9 






7.2 


0 


8.6 


30.2 


18.5 




22.8 


7.9 


5 


8.8 


30.9 


18.5 




23.4 


8.4 


10 


10.4 


33.0 


20o3 




25.5 


9.4 


15 


14.3 


34.3 


22 . 6 






12.9 
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TABLE II • Net DrSi^ of Small ITacelle 
with Fixed-Angle Rings 
(Values in pounds) 



Angl e 
of 


Ring 


rJ 0 ♦ 1 


Ring Ho. 2 


Ring No. 


3 


pit ch 


Pos . 


Po S o 


Fo s . 


Pos. 


Pos , 


Pos . 


Pos . 


degrees 


No . 2 


llo. 3 


ITo, 2 


No. 3 


No e 1 


ITo . 2 


Fo. 3 




Q. - 


^; A 1 "h 


/ a o -P f 

/ s q • I 0 . 




n h 
J . Xi . 






— O 


inn 




8.2 


8„2 


7.0 


6o6 


7 , 1 


0 


10.5 






7.8 


6.0 


5.0 


5.3 


5 


10.5 


9.5 


7.3 


8.0 


5.0 


6 


6.9 


10 


10.8 


9.5 


8a2 


8.4 


7.0 


7 0 7 


7.9 


15 


10.9 


10.2 


9„0 


9,1 


8.6 


8.8 


9.6 






14^4 lb 


, / sq.f t 


. , 75 ra 


. p « li . 






-5 


22 . 1 


22 , 1 


i o . b 


18.4 


15.2 


J- ^± • w7 


1 0 . O 


0 


22,5 


21.4 


17.6 


17,5 


13.0 


13,5 


14.0 


O 


/do c f 


O 1 0 ^ 


17.6 


17.5 


13.3 


14.3 


15,9 


10 


22 ,3 


21.3 


18c5 


18,2 


15.5 


16.6 


17,5 


15 


23,4 




20c2 


20.5 


18.5 


19.5 


20.5 




q = 


25.6 Ih 


^ /sqof t 


. , 100 m„p oho 






-5 


38.6 


33.5 


33o0 


3 ^ 0 6 


25.7 


26,6 


25.5 


0 


39.1 


3 ^-',5 


32 o 6 


'7 • T 


22.7 


23.8 


24,9 


5 


37.6 


3'.^ o 5 


31c5 


3 0.9 


23.5 


25.3 


27.0 


10 


38-2 


3^-c8 


32c7 


3 O y 2 


27.5 


28c8 


30.1 


15 


40 c 4 


40.0 


1 36«1 

1 


3 S . 5 

1 

L-. 


22.4 


33.9 


35.7 
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TABLE III. ITet Trag of Small ITacelle 
with Var i a"bl e- Angl e Ring 
("V values in pounds) 



Angle 

of 
pi tell 
degree s 


to-.. 
Ho . 1 




J:^ 0 s : 


Set 
-8° 

L_ 1 


Set 
0° 


Set 
-5° 




q. = 


6,4 lb . / so. ft , , 


-5 


5 . 6 


8.9 


5.1 


0 


5„2 


8.5 


5.0 


5 


5.7 


8.S 


5.9 


10 


6,6 


8.3 


6.7 


15 


7o8 


9.3 


8.4 



t i 0 n 



Set 
„ 0 



Set 
-lO' 



6.0 
5.5 
5.6 
7.5 
8.4 



5, 
5, 
5, 
6. 
8, 



6 
5 
4 
5 
1 



Set 
-15' 



6.9 
6.4 
5.9 
6.5 
8.1 





q = 


14 


.4 lb. 


/sq.f t . 


, 7 5 m , p . h , 


1 




-5 


12.5 




19.8 


13.4 


12.5 


12.5 


6.9 


0 


10,9 




20.0 


11.0 


11.5 


11.6 


6.4 


5 


llo 6 




19«3 


13.1 


12.4 


11.9 


5.9 


10 


14.5 




18.4 


15.4 


15,1 


13.9 


6.5 


15 


17.4 




20,5 


18.2 


18.1 


17.3 


8.1 






q = 


25 


o6 lb. 


/sq.f t . 


, 100 la.p.h. 




-5 


21ol 




34.9 


22.7 


21.9 


22.9 


26.0 


0 


13.7 




36.1 


19.0 


19.8 


20.1 


25.2 


5 


19.9 




33.7 


23.3 


21.8 


20.8 


25.1 


10 


25=,6 




32.5 


27.5 


25.5 


24.2 


25.7 


15 


30.5 




36.4 


32,0 


31.7 


30.6 


30.4 
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Fig. 1 




A, Small nacelle with exposed 
cylinders 



B, Small nacelle with NvA.C.A, 



hood 




0^ N.A.O.A. nacelle with hood 
cowling removed 



D, N.A.O.A. 

nacelle 




E, Small nacelle with variable- F, Small nacelle with ring No. 3 
angle ring p^g^ 1 in position No. 3 



N.A.C.A. Nacelle-. 



-12" 



-12' 



39" 



B 



■39 1"- 



-> 4 3/4"^ 



48i 



— > 





Diameter- Inches 


Sta. A 


Sta.B 


Sta.G 


St8. D 


Max. 


Small nacelle 


11 1/2 


16 5/8 


10 1/2 




16 3/4 


N.A.CA. nacelle 


11 1/2 


19 3/8 


15 3/4 


7 1/2 


19 1/2 


Smooth ■body- 


15 


17 3/4 


9 3/4 




19 



.45"-: 
8 




5 3/4" 



3^ 



(t Cylinders 

Hote: Dusvny engine not uied 
with SBOOth body. 



Fig. 2 



CI 

(I 



o 



o 



6 

to 



0*1 



to 
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Fig. 3 Ring cov/lings. 
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Fig. 4 




rig. 4 
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Fig 



X II.A.C.A. nacelle 

4 Smooth "body 

(;> Snail nacelle, v/ith IT.A.C.A. hood 

□ N.iV.C.A. nacelle, hood removed 

/\ Small nacelle , exposed cylinders 




-4 0 4 8 12 



Angle of pitch, degrees 



Fig. 5 Change in drag with angle of pitch. (Various nacelles) 
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a, Ring No.l (O^) 
"b, " No. 2 (-30) 
c, " II0.3 (-6.3^) 



□ Position ITo.l 

y *' ITo . 2 

O " IT0.3 




Angle of pitch, degrees 



Fig. 6 Drag of small nacelle with three fixed-angle rings in three 
positions. 
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Fig. 7 Effect of angle of chord to thrust line on drag. (Small nacelle 
with rings IJos.1,2, and 3 in position 1^0.2), 
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Fig. 



Cr- 



□- 



Hing 
chord 
setting 
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Fig. 8 Change in drag v;ith angle of pitch. (Small nacelle v/ith variable 
angle ring. * • 
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Fig. 9 Effect of angle of chord to thnist line on drag. (Small nacelle 
with var i ah le- angle ring in position No. 2 
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Fig.lC Drag of Wright J- 

engine nacelles. 
(Drag at IOC rr..p.h. - scaled tip from 4/P-scale m^^del tests). 



